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Abstract
Background: To achieve widespread cancer control, a better understanding is needed of the factors that contribute to 
successful implementation of effective skin cancer prevention interventions. This study assessed the relative 
contributions of individual- and setting-level characteristics to implementation of a widely disseminated skin cancer 
prevention program.

Methods: A multilevel analysis was conducted using data from the Pool Cool Diffusion Trial from 2004 and replicated 
with data from 2005. Implementation of Pool Cool by lifeguards was measured using a composite score 
(implementation variable, range 0 to 10) that assessed whether the lifeguard performed different components of the 
intervention. Predictors included lifeguard background characteristics, lifeguard sun protection-related attitudes and 
behaviors, pool characteristics, and enhanced (i.e., more technical assistance, tailored materials, and incentives are 
provided) versus basic treatment group.

Results: The mean value of the implementation variable was 4 in both years (2004 and 2005; SD = 2 in 2004 and SD = 
3 in 2005) indicating a moderate implementation for most lifeguards. Several individual-level (lifeguard characteristics) 
and setting-level (pool characteristics and treatment group) factors were found to be significantly associated with 
implementation of Pool Cool by lifeguards. All three lifeguard-level domains (lifeguard background characteristics, 
lifeguard sun protection-related attitudes and behaviors) and six pool-level predictors (number of weekly pool visitors, 
intervention intensity, geographic latitude, pool location, sun safety and/or skin cancer prevention programs, and sun 
safety programs and policies) were included in the final model. The most important predictors of implementation were 
the number of weekly pool visitors (inverse association) and enhanced treatment group (positive association). That is, 
pools with fewer weekly visitors and pools in the enhanced treatment group had significantly higher program 
implementation in both 2004 and 2005.

Conclusions: More intense, theory-driven dissemination strategies led to higher levels of implementation of this 
effective skin cancer prevention program. Issues to be considered by practitioners seeking to implement evidence-
based programs in community settings, include taking into account both individual-level and setting-level factors, 
using active implementation approaches, and assessing local needs to adapt intervention materials.

Background
Skin cancer is the most common and one of the most pre-
ventable forms of cancer in the United States [1]. An
increasing number of effective interventions for the pri-
mary prevention of skin cancer are available and recom-

mended; however, few of them have been systematically
disseminated and implemented [2]. Furthermore, little is
known about the barriers and facilitators to the imple-
mentation of effective interventions for the primary pre-
vention of skin cancer [3]. These issues are addressed by
the field of implementation research.

Implementation research studies the processes and fac-
tors that are associated with and lead to the widespread
use and the successful integration of an evidence-based
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intervention [4]. Implementation of evidence-based
interventions most likely occurs in stages and is defined
as the process of putting to use an intervention within a
specific setting (e.g., a school or worksite) [4,5]. The qual-
ity of implementation can be characterized by the degree
to which the intervention is carried out in a new setting
as prescribed by the original protocol (i.e., fidelity) [6,7].
Implementation fidelity has been shown to determine the
success of the implemented intervention by influencing
the relationship between the intervention and the
intended outcomes [8,9].

A number of factors influence the speed and extent of
implementation of evidence-based interventions, includ-
ing individual-level and setting-level adopter characteris-
tics, contextual factors, intensity of the intervention, and
characteristics of the intervention [9,10]. Characteristics
of individuals that influence the implementation include
background characteristics (e.g., education), attitude
toward the intervention, self-efficacy and motivation to
implement the intervention, and position within the set-
ting/organization [9]. Attributes of the adopting setting
that appear to influence implementation include the set-
ting size, perceived complexity, formalization, and orga-
nizational and service system factors (e.g., characteristics
and style of the leadership, attitude toward the interven-
tion, and administrative and financial support and
resources available for the implementation of the inter-
vention) [9,11].

Contextual variables refer to the broader physical,
political, social, economic, and historical factors relevant
to the implementation [12]. The intensity of the interven-
tion can be characterized by the requisite level of training
and technical assistance and the quality of information
and materials (i.e., tailoring) received by the adopters
before and during the implementation [9]. Finally, the
perceived characteristics of the intervention affect imple-
mentation: these may include relative advantage, compat-
ibility, observability, trialbility, and complexity [4].

Although the role of these factors is well described in
the literature [10,13], little research has been done on
identifying their relative contributions to the implemen-
tation of effective skin cancer prevention interventions. A
recent systematic review of the implementation literature
found only three skin cancer prevention dissemination
and implementation studies published between 1971 and
2008 (excluding the one described and used in this paper)
[3,14-16]. The results from these studies regarding fac-
tors influencing the implementation process were mixed.
Furthermore, these studies did not discuss potential
influential factors systematically, did not include a large
number of possible predictors, and did not account for
the hierarchical structure of these influences (i.e., individ-
uals nested within settings). To achieve widespread can-
cer control, a better understanding is needed of the

characteristics that contribute to the successful imple-
mentation of effective skin cancer prevention interven-
tions [17].

The analysis reported here addressed an ancillary aim
of the Pool Cool Diffusion Trial and assessed the relative
contributions of lifeguard background characteristics,
sun protective attitudes, sun protective behaviors, pool
characteristics, and treatment group to the implementa-
tion of a widely disseminated skin cancer prevention pro-
gram by lifeguards.

Context
Pool Cool is a multi-component educational and environ-
mental sun safety intervention conducted at swimming
pools [18]. Pool Cool was tested in an efficacy trial and
found to be effective in improving children's sun protec-
tion behaviors, sun safety environments at swimming
pool, and reducing sunburns among lifeguards [18,19].
Furthermore, a dose-response relationship was observed
between the number of lessons and activities that chil-
dren were exposed to and their sun protection habits
[18].

The efficacy trial was followed by a pilot dissemination
study and a larger randomized diffusion trial, the Pool
Cool Diffusion Trial. The analysis described in this paper
used data from the Pool Cool Diffusion Trial. The Pool
Cool Diffusion Trial applied constructs from the social
cognitive theory, the diffusion of innovations theory, and
theories of organizational change [20], and was designed
to evaluate two strategies for the dissemination of Pool
Cool. The two dissemination strategies tested in the trial
were the basic and enhanced delivery methods (i.e., treat-
ment groups). The enhanced group pools received a more
intensive, theory-based dissemination intervention,
including additional sun safety incentives, more environ-
mental resources, and technical assistance (motivational
and reinforcing strategies) in addition to the standard
intervention components. More specifically, pools in the
basic group received a Pool Cool Toolkit and program
training that were similar to the ones used in the original
pilot study and efficacy trial [18]. Enhanced pools
received the same information and materials as the pools
in the basic group plus additional sun-safety resources,
including Pool Cool incentive items (hats, UV sensitive
stickers, water bottles, et al.), additional sun-safety signs,
and possibly a shade structure. Pools in the enhanced
group were also given booklets entitled, 'How to Make
Pool Cool More Effective' and 'The Pool Cool Guide to
Sustainability' - a guide that includes suggestions and
methods for securing continued funding and support,
including developing partnerships with local organiza-
tions to continue the program after the end of the
research study. Enhanced pools also participated in a
'Frequent Applier' program that earned raffle points as
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incentives to encourage maximum participation in the
program. Raffled items included extra Pool Cool incen-
tive items (hats, lanyards, pens, et al.), extra gallons of
sunscreen, and shade structures. Field coordinators rep-
resenting pools from the enhanced group also partici-
pated in two to three additional conference calls each
summer were actively engaged in discussions regarding
program maintenance and sustainability that were not
discussed with field coordinators responsible for basic
pools.

The Pool Cool Diffusion Trial was conducted across
four calendar years for two consecutive cohorts of three
years each, starting in 2003 and 2004 at swimming pools
in 28 metropolitan areas across the United States. Pools
were recruited in cooperation with the National Recre-
ation and Park Association (NRPA) using multiple meth-
ods: NRPA web site notices, NRPA email list-serves,
conference displays, and targeted advertisements in
aquatic magazines and NRPA newsletters. Metro regions
were required to have at least a minimum population size
of 100,000 and at least four outdoor swimming pools will-
ing to participate. Recruited pools were both public (city,
county, military, et al.) and private (YMCA, country club,
et al.). Pools were required to be outdoors, to offer swim
lessons to children five to ten years of age, and to be large
enough to recruit at least 20 parents to fill out surveys.
Lifeguards were not specifically recruited but partici-
pated based on their employment at a given study pool.
The intervention components, theoretical foundations
and examples for each construct, data collection proce-
dures, and findings from the main randomized controlled
trial are described in more detail elsewhere [20-23]. The
analysis presented in this paper addresses an ancillary
aim of the Pool Cool Diffusion Trial that is different from
the aims of the main randomized controlled trial.

Methods
To address the above-described research aim, a multilevel
analysis was conducted using a distinct subset of data
from the Pool Cool Diffusion Trial from 2004 and 2005.
The conceptual framework describing the relationship
between different constructs is presented in Figure 1.
Lifeguards are believed to play an intermediate role (i.e.,
adopters) in the delivery of the intervention by imple-
menting the educational and certain environmental com-
ponents of the program. The solid arrows represent
relationships that were evaluated in this paper. The
dashed arrows indicate existing relationships that were
not addressed in this analysis.

Measures
Data were collected from parents, lifeguards, and pool
managers at the beginning (baseline) and at the end (fol-
low-up) of each summer season using self-administered

surveys. Data on lifeguard characteristics were obtained
from the baseline lifeguard surveys. Items composing the
dependent variable ('Implementation of Pool Cool by life-
guards') were from the follow-up lifeguard survey
responses, and pool characteristics were identified from
baseline pool manager surveys except for one variable
(e.g., sun safety environments and policies) that was
based on the baseline lifeguard survey responses. The
variables of interest are shown in Tables 1 and 2.
Dependent variable
The dependent variable 'Implementation of Pool Cool by
lifeguards' measured whether the lifeguard implemented
different components of the Pool Cool intervention. The
implementation variable had possible scores ranging
from 0 to 10 and was created using 16 items from the fol-
low-up lifeguard survey. Items, scoring, and reliability
coefficients for the dependent variable are summarized in
the Additional File 1.
Independent variables
Independent variables of interest included lifeguard back-
ground characteristics, lifeguard sun protection-related
attitudes, lifeguard sun protection-related behaviors,
pool characteristics, and treatment group.
Lifeguard variables (level 1) Lifeguard background 
characteristics Lifeguard background characteristics
included age, gender, education, race, and skin cancer
risk. Age was measured as a continuous variable. Educa-
tion was included as a dichotomous variable (completion
of high school versus at least some college). Race was
coded as a dichotomous variable (Caucasian or Other).
Skin cancer risk measured with four items and risk levels
were categorized as low, medium, and high tertiles.
Scores and categories were adapted from the Brief skin
cancer Risk Assessment Tool (BRAT) developed in a pre-
vious study [24]. This score was found to have acceptable
to good reproducibility [24].
Lifeguard sun protection-related attitudes Lifeguard
sun protection-related attitudes included sun protective
benefits, barriers, and norms composite variables [19].
Lifeguard sun protection-related behaviors included sun
protective behaviors and sun exposure. These scales were
calculated as the mean of non-missing items, when at
least half of the scale items were answered. Sun exposure
was measured as the daily average number of hours spent
in the sun during peak hours (from 10 a.m. to 4 p.m.) [19].
The survey items on sun protection and exposure and
sunburn were subject to cognitive testing and results are
reported elsewhere [25].
Level 2 variables Pool characteristics Baseline pool
manager surveys were used to obtain pool characteristics,
except for one variable (i.e., sun safety environments and
policies). Pool characteristics included latitude, pool
location, community size, weekly pool visitors, pool man-
ager tenure, and sun safety and/or skin cancer prevention
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programs, and sun safety environments and policies vari-
ables. The geographical latitude of the pool was coded
North if the pool was located north of 37°N and South if
the pool was located south of 37°N. Pools were classified
according to their location as urban or suburban/rural.
The size of the community where the pool is located was
measured by the number of residents in the community,
as reported by the pool manager, and was classified into
four groups: 'Weekly pool visitors' was defined as the
number of people admitted to the pool each week during
the summer (less than 2,000 visitors versus 2,000 and
more visitors), and 'pool manager tenure' was measured
by the number of years the pool manager held his posi-
tion (three groups). The size of the community and pool
manager tenure variables were categorized based on their
distribution and were included in the multilevel analysis
as dummy variables using the lowest category as a refer-
ence group. The sun safety and/or skin cancer prevention
programs variable was a composite variable based on
three questions assessing whether the pool provides dif-
ferent sun safety and/or skin cancer prevention programs
and was calculated as the mean of non-missing items
when at least two of the three items were answered. The
sun safety environments and policies variable was a com-
posite variable calculated as the unweighted sum score
for four items and ranged from 1 to 4. The individual
items of this composite variable measured whether the
pool implemented certain sun safety environmental
changes and policies as reported by the lifeguards and
originated from the baseline lifeguard survey responses.

The composite scores were then aggregate at the pool
level using the mean of the score.

All composite scales were computed using items that
were designated a priori to be scales. To assess internal
consistency, Cronbach's α values were computed for the
composite variables. The detailed description of the com-
posite variables and the scoring along with the Cron-
bach's α values are summarized in the Additional File 2.
Treatment group variable The treatment group vari-
able was included as a dichotomous variable determined
based on the pool's region which was randomly assigned
to enhanced (i.e., they received more technical assistance,
tailored materials, and incentives) or basic treatment
conditions.
Data and preliminary analysis For this analysis, data
were obtained from the Pool Cool Diffusion Trial base-
line and follow-up lifeguard surveys from 2004 and 2005
and the Pool Cool Diffusion Trial baseline pool manager
surveys from 2004 and 2005. Only participants who com-
pleted both baseline and follow-up surveys and had com-
plete information for the variables of interest were
included in the analysis. Participants with incomplete
data sets were excluded from the analyses (n = 329 or 12%
in 2004, and n = 220 or 7% in 2005). Attrition analysis was
conducted using chi-squared tests and t-tests to compare
characteristics of baseline only respondents to those of
baseline and follow-up respondents (loss to follow-up:
49.9% in 2004, and 38.8% in 2005) and to compare those
with complete and incomplete datasets. Respondents
who were excluded from the analysis showed similar

Figure 1 The effect of individual and setting level characteristics on the implementation of Pool Cool by lifeguards.

Level 2 – Pool-level characteristics

Level 1 – Lifeguard-level characteristics

Pool characteristics

Lifeguard background
characteristics

Lifeguard sun protective
behaviors

Lifeguard sun protective
attitudes

Implementation of
Pool Cool

by lifeguards

Treatment group
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characteristics to those who were included (data not
shown).

Statistical analysis
A multilevel analysis was conducted to determine the rel-
ative contributions of lifeguard characteristics (level 1)
and pool characteristics and treatment group (level 2) to
the implementation of Pool Cool by lifeguards. Model
building was performed using the data from 2004. To
assess the consistency of our findings across data sets, we
replicated the final model with the 2005 data. Lifeguard
data from 2004 and 2005 were analyzed separately using
parallel statistical methods, and the two years' data were
treated as replicate studies.

Multilevel analysis was chosen to account for the hier-
archical nature of the data (lifeguards nested within
pools). Level 1 predictors included lifeguard background
characteristics, sun protective attitudes, and sun protec-
tive behaviors. Level 2 variables included pool character-
istics and treatment group. The multilevel modeling

approaches described by Hox [26] and by Raudenbush
and Byrk [27] were applied for the analyses. Full maxi-
mum likelihood estimation was used for all models. Sta-
tistical significance for the model building was
determined using an alpha level of 0.05.
Null model and model building with level 1 variables
As a first step, a null model was fit to calculate intraclass
correlation coefficients (ICCs). The ICC is an indicator of
the degree of clustering and is calculated as the propor-
tion of the variance in the dependent variables that is
explained by groups (i.e., pools) [28]. Second, level 1 pre-
dictors were added to the model as fixed effects. Variables
from the lifeguard background characteristics, lifeguard
sun protection-related attitudes, and lifeguard sun pro-
tection-related behaviors domains were entered sequen-
tially as separate blocks. Level 1 continuous variables (i.e.,
age, sun protective barriers, norms, benefits, and behav-
iors, and sun exposure) were entered centered around the
grand mean. The contribution of each block to the model

Table 1: Descriptive characteristics for level 2 variables and their origin (n = 288 in 2004 and 287 in 2005)

Variable 2004 2005

% (n) % (n)

Pool characteristics

North latitude (North or South) 54.90 (158) 48.10 (138)

Urban location (urban or suburban/rural) 37.20 (107) 43.90 (126)

Size of community served

Less than 50,000 31.60 (91) 26.50 (76)

50,000 to 99,999 24.70(71) 26.50 (76)

100,000 to 299,999 18.80 (54) 16.00 (46)

300,000 or more 25.00 (72) 31.00 (89)

Weekly pool visitors (2,000 or more) 28.10 (81) 27.50 (79)

Pool Manager tenure

1 year or less 30.90 (89) 35.50 (102)

2 to 4 years 38.50 (111) 34.10 (98)

5 or more years 30.60 (88) 30.30 (87)

mean (SD) mean (SD)

Sun safety and/or skin cancer prevention programs (1 to 4)* 2.82 (0.83) 2.80 (0.83)

Sun safety environments and policies (1 to 4)* 2.96 (0.74) 3.22 (0.60)

Sun safety and/or skin cancer prevention programs (1 to 4)* 2.82 (0.83) 2.80 (0.83)

Treatment group

Enhanced treatment group (Enhanced or Basic) (%) 51.40 (148) 48.80 (140)

* Possible score range for variable indicated in parenthesis
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fit was assessed using the change in deviance (-2*log-like-
lihood) and the Akaike Information Criterion (AIC)
parameters. The AIC parameter assesses the goodness-
of-fit of a model while it is controlling for its complexity
(i.e., the number of predictors in the model) [28]. Blocks
significantly adding to the model fit (either based on the
change in deviance or comparison of AIC values) were
retained in the analysis regardless of significance of indi-
vidual variables within the domain. This approach was
taken as variables composing the different domains were
included based on theoretical reasoning
Model building with level 1 and level 2 variables
Next, level 2 variables were entered stepwise creating
random intercepts models. Random intercepts models
assume that the level 1 intercept varies across level 2

units (pools), but not the level 1 slopes (effect of level 1
predictor on implementation). The variables were added
to the model one at a time (or as a set of dummy vari-
ables) and they were retained if they added significantly
to the model (i.e., chi-square for change in deviance, p-
value less than 0.10) or had a statistically significant asso-
ciation with the outcome variable (i.e., individual t-ratio,
p-value less than 0.05). The level 2 variables were entered
into the model in the following order: treatment group,
region, community location, community size, weekly
pool visitors, pool manager tenure, sun safety and/or skin
cancer prevention programs, and sun safety environ-
ments and policies.

In the third step, random coefficient models (i.e., both
level 1 intercept and slope vary randomly across level 2

Table 2: Descriptive characteristics for lifeguard variables and their origin (n = 2,704 in 2004 and n = 2,829 in 2005)

Variable 2004 2005

% (n) % (n)

Lifeguard background characteristics

Female 60.70 (1,640) 59.70 (1,690)

Age (mean (SD)) 18.58 (4.63) 18.50 (4.26)

At least college education 36.40 (984) 38.46 (1,088)

Caucasian 89.70 (2,425) 85.40 (2,417)

Skin cancer risk

Low 26.70 (722) 28.10 (796)

Medium 38.00 (1,028) 37.30 (1,055)

High 35.30 (954) 34.60 (978)

mean (SD) mean (SD)

Lifeguard sun protection-related 
attitudes

Sun protective benefits (1 to 4) * 3.53 (0.49) 3.39 (0.49)

Sun protective barriers (1 to 5)* 2.79 (0.63) 2.78 (0.61)

Sun protective norms (1 to 5) * 3.55 (0.83) 3.62 (0.81)

Lifeguard sun protection-related 
behaviors

Sun protective behaviors (1 to 4)* 2.40 (0.54) 2.49 (0.55)

Sun exposure (1 to 6)* 4.42 (1.33) 4.39 (1.30)

Dependent variable

Implementation of Pool Cool by lifeguards 
(0 to 10)*

4.00 (2.00) 4.00 (3.00)

* Possible score range for variable indicated in parenthesis and its meaning is discussed in detail in Additional Files 1 and 2
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units) were run for each level 1 variable separately. Signif-
icant variance component for the level 1 slope indicated
that the effect of the level 1 predictor on the lifeguard
participation in Pool Cool (i.e., dependent variable) var-
ied across pools. To model this variability, cross-level
interactions between the treatment group variable and
the level 1 predictor with significant variance component
for the level 1 slope were entered to determine whether
treatment group assignment accounts for any between-
pool variation. Besides coefficient estimates, standard-
ized coefficient estimates were calculated and reported
for the final model [26,29].
Model for 2005
As indicated earlier, the final model for 2005 was devel-
oped by replicating the final model for 2004 with the 2005
data as a parallel model (i.e., including the same variables
and fixed and random effects). The replication was per-
formed to increase the robustness of the analysis by
determining the consistency of the findings across the
two data sets.

SPSS 16.0 and HLM 6.0 statistical software programs
were used for data management and analysis [30].

Results
Descriptive characteristics of the sample
A total of 2,704 lifeguards from 288 pools in 2004 and
2,829 lifeguards from 287 pools for 2005 were included in
the analyses. There were an average of 9.39 (SD = 9.18)
lifeguards per pool in 2004 and an average of 9.86 (SD =
9.72) lifeguards per pool in 2005. The descriptive charac-
teristics of variables of interest for the pools are summa-
rized in Table 1 and for the lifeguards are summarized in
Table 2.

Pools included in the analyses were approximately
equally distributed across enhanced and basic treatment
groups and north and south latitude and a higher per-
centage was located in suburban/rural than urban loca-
tions and about 28% had less than 2000 visitors weekly in
both years.

In both 2004 and 2005, most lifeguards were Caucasian
(89.7% in 2004 and 85.4% in 2005), female (60.7% in 2004
and 59.7% in 2005), and had less than college education
(63.6% in 2004 and 61.5% in 2005). Lifeguards had a mean
age of 18.6 (SD = 4.6) (18.5 (SD = 4.2) in 2005), and spent
close to 4.4 hours per day (SD = 1.3 in both years) in the
sun during peak hours (between 10 a.m. and 4 p.m.).

Lifeguards scored an average of 4 points (SD = 2 in
2004 and 3 in 2005) on the 'Implementation of Pool Cool
by lifeguards' scale. The implementation rate for individ-
ual items (items that composed the dependent variable)
ranged between 9% and 62%. In 2004, the highest imple-
mentation rates were observed for the items indicating
whether the lifeguard used the sunscreen from the large
dispenser (62%), received sunscreen samples (50%),

taught the Pool Cool sun safety lessons at least once
(45%), and knew where the Pool Cool's Leader's Guide
was kept at the pool (42%) and used it (38%). The lowest
implementation rates were found for the items indicating
whether the lifeguard received a t-shirt (9%) or partici-
pated in the sun protective clothing (15%) and the col-
ored sunscreen demonstration (17%) activities. Similar
items had the highest implementation rates in 2005,
including items indicating whether the lifeguard used the
sunscreen from the large dispenser (63%), taught the Pool
Cool sun safety lessons at least once (55%), received sun-
screen samples (52%) and message pen (48%), knew
where the Pool Cool's Leader's Guide was kept at the pool
(41%), and used it (38%). In 2005, the lowest implementa-
tion rates were found for the items indicating whether the
lifeguard received a t-shirt (12%), and participated in the
Sun Jeopardy game (14%) and sun protective clothing
activities (16%).

Multilevel analysis
The final models for 2004 and 2005 are summarized in
Tables 3 and 4. The ICC values calculated from the level 1
and level 2 variances of the fully unconstrained null
model were 0.35 in 2004 and 0.34 in 2005 indicating that
pool-level variables accounted for 35% (34% in 2005) of
the variance in program implementation by lifeguards.
Model building with level 1 predictors (2004 data)
The sub-models for the level 1 domains for 2004 are pre-
sented in Additional File 3. All three lifeguard-level (level
1) predictor domains (entered in the order of lifeguard
background characteristics, lifeguard sun protective atti-
tudes, lifeguard sun protective behaviors) contributed
significantly to the model as shown by both the decrease
in deviance and AIC values (Models 1 through 3). Initially
all predictors (regardless of individual statistical signifi-
cance) were kept in the model. However, because unlike
the other domains, the lifeguard background characteris-
tics domain was constructed with less theoretical rigidity,
sensitivity analysis was conducted to determine whether
nonsignificant lifeguard background characteristics pre-
dictors (e.g., race and skin cancer risk) significantly added
to the model. The model with all predictors (Model 3)
and the model without nonsignificant lifeguard back-
ground characteristics predictors (Model 4) were com-
pared using the change in deviance and AIC values.
These values both showed that the two variables did not
significantly improve the model fit, hence the more parsi-
monious model (Model 4) was selected for further model
building.
Model building with level 1 and level 2 predictors (2004 data)
Level 2 predictors were added one by one or as a set of
dummy variables and retained in the model if they met
the criteria described in the Methods section of this
paper. After identifying the final random intercept model
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with level 1 and level 2 predictors, random coefficient
models were created on a variable-by-variable basis. The
variance components for sun protective norms and age
were statistically significant, suggesting that the associa-
tion between sun protective norms and the implementa-
tion of Pool Cool and age and the implementation of Pool
Cool varied across pools. When including both sun pro-
tective norms and age as random effects, neither of the
variance components remained statistically significant.
However, the change in deviance and AIC values compar-
ing the final random intercept model and the model with
random coefficient for sun protective norms and age both
indicated that the inclusion of the random effects for
these two variables improved the model. Therefore, they
were kept as random effects in the model.

When treatment group was added as a level 2 predictor
for the sun protective norms and age slopes separately,
neither of the cross-level interactions was statistically sig-
nificant, suggesting that treatment group does not

explain the variation in slope for sun protective norms or
age (i.e., treatment group does not explain the variation in
the effect of sun protective norms or age on implementa-
tion) (data not shown).
Final model for 2004
The final model with random slopes for sun protective
norms and age variables is summarized in Table 3. The
intercept coefficient in the final model was 4.13, indicat-
ing that a male lifeguard with high school education or
less, and with mean values for age, barriers, benefits,
norms, behaviors, sun exposure, and sun safety environ-
ments and policies from a pool from a south region, sub-
urban/rural location, who received basic intervention,
had less than 2,000 visitors weekly had an average imple-
mentation score of about 41%.

All significant lifeguard background characteristics
(female gender, age, education) were positively associated
with implementation of Pool Cool. All three predictors
(sun protective benefits, barriers, and norms) from the

Table 3: Final model for lifeguard-level and pool-level predictors of Lifeguard Pool Cool participation for 2004 analysis

Variable Coefficient Standardized coefficient p value

Intercept 4.134 0.000

Level 1 predictors

Lifeguard background characteristics

Female 0.212 0.043 0.014

Age 0.023 0.044 0.052

At least some college education 0.451 0.090 0.000

Lifeguard sun protection-related attitudes

Sun protective benefits 0.198 0.040 0.023

Sun protective barriers 0.019 0.005 0.777

Sun protective norms 0.064 0.022 0.293

Lifeguard sun protection-related behaviors

Sun protective behaviors 0.212 0.048 0.011

Sun exposure 0.145 0.080 0.000

Level 2 predictors

Pool characteristics

North region -0.233 -0.049 0.172

Urban location 0.366 0.073 0.042

Weekly pool visitors (2,000 or more) -0.969 -0.182 0.000

Sun safety and/or skin cancer prevention program 0.207 0.072 0.056

Sun safety environments and policies 0.309 0.095 0.025

Treatment group

Enhanced treatment group 0.617 0.129 0.001

Model fit Deviance Param AIC

11,604.87 22 11,648.87
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lifeguard sun protection-related attitudes domain also
were directly associated with the implementation of Pool
Cool, but this association was not statistically significant
for the sun protective barriers and norms variables. Both
sun protective behaviors and sun exposure showed statis-
tically significant positive associations with implementa-
tion. From the pool-level predictors, enhanced treatment
group, urban location, sun safety and/or skin cancer pre-
vention programs, and sun safety environments and poli-
cies were positively associated and north region and
weekly pool visitors were inversely associated with the
implementation of Pool Cool. In the final model, north
region was no longer a statistically significant association
with the outcome.

After standardizing the coefficients, the magnitudes of
the slopes suggest that the number of weekly pool visitors
had the strongest (inverse) association with the imple-

mentation of Pool Cool, closely followed by the treatment
group variable (positive association).
Final model for 2005
To evaluate the consistency of findings across years, the
final model from 2004 was fit to the 2005 data. The main
results of the replication were comparable to the 2004
results with a few exceptions. For the sun protection-
related attitudes domain, the sun protective benefits coef-
ficient was also nonsignificant, and the sun protective
norms variable was inversely associated with the imple-
mentation of Pool Cool. For the pool characteristics,
region had a statistically significant inverse association
with the outcome (with north region having lower imple-
mentation), and the coefficients for location and sun
safety and/or skin cancer prevention programs were non-
significant. Similar to the 2004 results, the standardized
coefficients indicated that the number of weekly pool vis-

Table 4: Final model for lifeguard-level and pool level predictors of Lifeguard Pool Cool participation for 2005 analysis

Variable Coefficient Standardized coefficient p value

Intercept 3.924 0.000

Level 1 predictors

Lifeguard background characteristics

Female 0.389 0.069 0.000

Age 0.063 0.056 0.000

At least some college education 0.362 0.064 0.001

Lifeguard sun protection-related attitudes

Sun protective benefits 0.091 0.016 0.285

Sun protective barriers 0.088 0.019 0.228

Sun protective norms 0.014 0.004 0.825

Lifeguard sun protection-related behaviors

Sun protective behaviors 0.407 0.073 0.000

Sun exposure 0.163 0.076 0.000

Level 2 predictors

Pool characteristics

North region 0.607 0.110 0.002

Urban location 0.053 0.010 0.791

Weekly pool visitors (2,000 or more) -1.177 -0.191 0.000

Sun safety and/or skin cancer prevention program 0.112 0.033 0.362

Sun safety environments and policies 0.481 0.104 0.006

Treatment group

Enhanced treatment group 0.730 0.131 0.000

Model fit Deviance Param AIC

12902.36 22 12,946.36
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itors followed by treatment group had the strongest asso-
ciations with implementation of Pool Cool (Table 4).

Discussion
This study used multilevel methods to evaluate the rela-
tive contributions of lifeguard-level and setting-level
adopter characteristics and treatment group to the imple-
mentation of an effective and widely disseminated skin
cancer prevention intervention. Several individual-level
(lifeguard characteristics) and setting-level (pool charac-
teristics and treatment group) factors were found to be
significantly associated with implementation. The most
important predictor of implementation was the number
of weekly visitors (inverse association) at the pool, closely
followed by enhanced treatment group (positive associa-
tion).

A common measure of the quality and success of imple-
mentation is the degree of implementation [8]. In the
context of this study, the degree of implementation was
measured by a composite score calculated based on the
level of implementation of Pool Cool intervention com-
ponents by lifeguards, on a scale ranging from 0 to 10.
The mean value on this scale was four (SD = 2 in 2004
and 3 in 2005) in both years (2004 and 2005) indicating
moderate implementation for most lifeguards. The indi-
vidual items that were implemented most often were the
ones that indicated whether the lifeguard used sunscreen,
received sunscreen sample or a message pen, taught the
Pool Cool sun safety lessons, and knew the location of
and used the Pool Cool's Leader's Guide. These are con-
sidered main components at the core of the Pool Cool
program [23].

The intraclass correlation for pools in these data was
relatively high (35% in 2004 and 34% in 2005), which
underscores the usefulness of a multilevel approach in
analyzing the data. It also indicates that about 35% of
variance in implementation is explained by level 2 charac-
teristics.

All three lifeguard-level domains significantly contrib-
uted to the variance in implementation. Education was
the most important level 1 predictor of implementation,
suggesting that lifeguards with at least some college edu-
cation were more likely to implement Pool Cool than life-
guards with a high school education or less. This finding
is consistent with conclusions from previous studies
showing higher levels of education to higher implementa-
tion levels among the adopters [6,13,31].

The adopters' positive attitude toward and their self-
efficacy to implement an intervention have been shown
to increase the likelihood of successful implementation of
evidence-based interventions [9,32,33]. Furthermore,
previous implementation research in the physical activity
literature found that if the delivery agents themselves

practiced the health behavior promoted by the interven-
tion, they were more likely to successfully implement the
program [34-37]. In this study, both lifeguard sun protec-
tion-related attitudes and sun protection-related behav-
iors significantly explained variance in implementation,
although the individual predictors of sun protective bar-
riers and norms had nonsignificant coefficient estimates.
This instability might explain the unexpected, positive
relationship between sun protective barriers and imple-
mentation.

Six level 2 predictors were included in the final model
(number of weekly pool visitors, intervention intensity,
latitude, pool location, sun safety and/or skin cancer pre-
vention programs, and sun safety programs and policies),
three of which (weekly pool visitors, sun safety environ-
ments and policies, and intervention intensity) showed
consistent direction of effect and statistical significance
across the two years.

The most important predictor of implementation in the
final model was the number of weekly pool visitors. In
this study, an inverse relationship was observed between
the number of weekly pool visitors and the level of imple-
mentation for Pool Cool by lifeguards. This variable is a
proxy for the size of the pool and might influence imple-
mentation fidelity in a number of ways. The most likely
explanation for the inverse correlation between the num-
ber of weekly pool visitors and implementation is that
because pools received the same amount of intervention
materials regardless of their size, implementation might
have been more limited in larger pools where lifeguards
had to share the same amount of resources for more visi-
tors. This explanation suggests that, to increase imple-
mentation of the intervention, the amount of
intervention materials provided for the pools should be
proportional to the number of visitors the pools serve.

There is a growing agreement among researchers and
practitioners that more innovative and active approaches
enhance the implementation of effective interventions
[36,38-40]. More intensive implementation strategies
include but are not limited to tailoring and packaging of
the intervention materials in a user-friendly way, enhanc-
ing organizational capacity, establishing systems and
rewards for implementation, providing training and tech-
nical assistance to adopters, and conducting and report-
ing evaluation of implementation efforts [9,16,33,41-43].
For example, a study by Mueller and colleagues [44] that
evaluated the effectiveness of different strategies for the
dissemination of evaluation results on tobacco control
programs to program stakeholders found that multi-
modal and more active approaches to dissemination
increased the usefulness and further dissemination of the
evaluation results. Furthermore, previous implementa-
tion research studies of skin cancer prevention found
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mixed results on the effect of intensity of intervention
[14-16]. For example, Schofield and colleagues were
assessing two strategies for the dissemination of a sun-
protection policy in primary and secondary schools in
New South Wales, and found that more intensive imple-
mentation strategies were more effective in primary
schools but not in secondary schools [14]. In a study con-
ducted by Buller and colleagues using web-based strate-
gies to disseminate a sun safety curriculum to elementary
schools and child care facilities, intensity of the interven-
tion (basic versus enhanced website) did not seem to
influence the online purchase of the program [15].
Finally, Lewis and colleagues disseminated a sun safety
program to zoological parks and found that more intense
implementation strategies resulted in only marginally sig-
nificant improvement in short-term implementation for
certain components of their intervention and no differ-
ence was observed for long-term implementation when
compared to the basic implementation approach [16].

In our analysis, treatment group was the second most
important predictor of implementation levels. Lifeguards
at pools that were randomized to the enhanced treatment
group implemented the intervention more than did pools
that received the basic treatment. Similar results were
found for each subscale of the dependent variable in a
post hoc analysis. These findings reinforced the role of
more active, multi-component strategies in successful
implementation.

Although there were more nonsignificant variables at
level 2 (pool characteristics) in 2005 than in 2004, the
final models across these two years were consistent.
Overall, the patterns in the 2005 final model were similar
to the findings from the 2004 analysis and the replication
analysis confirmed the robustness of weekly pool visitors
and intervention intensity as important predictors of
implementation of Pool Cool.

To our knowledge, this is the first skin cancer preven-
tion implementation study using clustered randomized
controlled design, including a large number of potential
influencing factors and accounting for their multilevel
nature. Furthermore, the large sample size and use of two
years worth of data with replicate analyses make the find-
ings from this study a robust addition to the existing
implementation research literature.

Several limitations of this study should be acknowl-
edged. First, close to 50% of baseline respondents in 2004
and 40% of baseline respondents in 2005 were excluded
from the final analysis due to inability to identify the
matching follow-up survey responses. During data man-
agement, efforts were made to include as much data as
possible and to compare baseline information for
included and excluded surveys. In order to keep the life-
guard surveys brief, lifeguard perceptions of the interven-

tion characteristics were not measured in the Pool Cool
Diffusion Trial. However, extensive information was
already available on the acceptability of the Pool Cool
program and on the program-related factors that contrib-
uted to the implementation of the intervention (e.g., ease
of program implementation, compatibility of program
with swim lessons, comments about major program com-
ponents) from the pilot study, the efficacy trial, and the
process evaluation of the Pool Cool Main Trial and the
pilot study of the Pool Cool Diffusion Trial (results are
reported elsewhere) [18,45]. Finally, Pool Cool is a multi-
component intervention, and it is not possible to separate
out the effects of influencing factors on different compo-
nents. However, the health behavior literature suggests
that in the context of complex, multi-component inter-
ventions, the measurement of implementation fidelity
should focus on the functions and process of the inter-
vention rather than on the individual components [46].

Summary
The most noteworthy finding from this analysis is that
enhanced treatment group was associated with greater
implementation of skin cancer prevention interventions--
indicating that more intense, theory-based strategies can
lead to higher levels of implementation. Future analyses
will examine the most important predictors of change in
sun protective behaviors and sunburns (i.e., outcomes)
among the ultimate target audience of Pool Cool (i.e.,
children) and whether higher implementation levels lead
to better outcomes.

Findings from this analysis of a skin cancer prevention
intervention are applicable to other public health promo-
tion and prevention areas and suggest several issues that
should be considered by practitioners seeking to imple-
ment evidence-based programs in community settings,
including:

1. Both individual-level and setting-level factors should
be considered to enhance implementation of evidence-
based interventions.

2. Practitioners should use active implementation
approaches including multiple channels, ongoing techni-
cal assistance, and tailored materials when implementing
evidence-based interventions.

3. It is necessary to assess local needs and adapt the
intervention materials accordingly (e.g., larger settings
may require more resources).

To achieve the widespread use of effective evidence-
based interventions, we have to better understand which
factors contribute to the successful implementation of
these programs. This study makes a valuable contribution
to the limited knowledge in this area by identifying fac-
tors that can enhance the use of effective programs which
will ultimately lead to larger public health effect.
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